The squatting test is an active posture manoeuvre that imposes one of the most potent orthostatic stresses. In normal subjects, the changes in blood pressure and heart rate are transient because of appropriate baroreflex homeostasis and do not provoke symptoms.
INTRODUCTION
In normal subjects, blood pressure (BP) is tightly regulated and the variations are generally of small amplitude and/or of short duration despite acute postural changes, including the squatting to standing manoeuvre that represents the most potent orthostatic stress (Scheen et al., 1990 ). However, several pathological entities may be associated with autonomic disorders and dysregulation of BP homeostasis leading to orthostatic hypotension and syncope as most obvious adverse events Freeman 2008; Medow et al., 2008) . Orthostatic hypotension has been shown to be associated with an increased risk of cardiovascular morbidity and all-cause mortality in the general population (Fedorowski et al., 2010 ) and in diabetic patients (Maser et al., 2003) . Other orthostatic syndromes are also quite frequent such as postural tachycardia and syncope, and appear to be different from classical orthostatic hypotension (Raj, 2010) . Laboratories able to test autonomic function are increasingly available and rely on batteries of well-accepted, noninvasive tests among which tests of parasympathetic cardiovagal heart rate (HR) variability and sympathetic vasoconstriction are most commonly employed (Weimer, 2010) .
Non-invasive continuous monitoring of systolic and diastolic BP together with HR has
greatly facilitated the study of haemodynamic changes during dynamic tests (Rossberg & Penaz, 1988; Imholz et al., 1998; Imholz et al., 1990) . Various posture tests are classically used to assess haemodynamic orthostatic adaptation and autonomic function. The most popular posture test used in clinical research is the passive head-up tilt table test at 70° (Grubb & Kosinski, 1997; Madden et al., 2008) . Another active manoeuvre, the so-called squatting test, produces the strongest acute orthostatic stress when the subject stands up (Scheen et al., 1990 ; Marfella et al, 1994a) . Careful analysis of BP and HR changes during both transition states, from standing to squatting and from squatting to standing, respectively, provides interesting information as far as performance of baroreflexes and haemodynamic homeostasis are concerned (Rossberg & Penaz, 1988) . For instance, the analysis of HR and BP changes occurring during a squatting test has been used by our group to assess orthostatic hypotension (Scheen et al., 1990) , cardiovascular autonomic neuropathy (CAN) (Philips et al., 2009 ) and pulsatile stress (Philips et al., 2008) ; Philips et al., 2010a; Philips et al., 2010b) in patients with type 1 diabetes mellitus. Furthermore, squatting position is a long recognized therapeutic manoeuvre that can improve haemodynamics in patients with some congenital cardiac diseases (tetralogy of Fallot) (Lurie, 1953; Guntheroth et al., 1968) . More recently, squatting has also been proposed as a therapeutic manoeuvre to counteract BP fall in individuals suffering from orthostatic hypotension (van Lieshout et al., 1992), a frequent complication of autonomic failure, or vasovagal syncope (Krediet et al., 2008 ).
The present review will first present a brief description of the haemodynamic changes occurring during the standing-squatting-standing transition phases in normal subjects.
Afterwards we will analyze the postural changes in patients with autonomic failure, including diabetic CAN, in order to better understand the adverse events but also the positive haemodynamic changes that are reported with this squatting posture. In all instances, it is important to separate haemodynamic changes occurring from standing to squatting (Table 1) from those observed during the transition from squatting to standing in patients with cardiovascular disease and/or autonomic dysfunction ( Table 2) .
Physiology of the standing-squatting-standing test
In healthy subjects, the transition from standing to squatting is accompanied by complex haemodynamic changes (Rickards & Newman, 2003 ). An initial burst in systolic, diastolic and mean arterial BP, a rise in pulse pressure (PP) and a brief peak in heart rate (HR) are systematically detected (Figure 1) . After a few seconds there is a trend to return to baseline values for all parameters followed by a more sustained rise in systolic, diastolic and mean BP and in PP levels. This increase in BP is associated with a reduction in HR. The bradycardia is secondary to baroreceptor activity and is abolished by atropine (Marfella et al., 1994b) . Squatting augments cardiac output (CO) by increasing venous return secondary to muscular pumping in the legs. The kinking of femoral arteries, which might increase peripheral resistance, does not seem to play a major role. Thus increased preload by augmentation of venous return rather than increased systemic vascular resistance mainly explains the rise in BP. This may contribute to the greater increase of systolic BP compared to diastolic BP, and thus the augmentation of pulse pressure in squatting position.
The squat-stand transition induces profound haemodynamic changes (Rossberg & Penaz, 1988 , Smith et al., 1994 . When normal subjects stand up, systolic BP, diastolic BP, and PP invariably fall. After 8 to 10 beats the BP starts to rise to its original level. The immediate cardiac response is characterized by a prompt rise in HR, which peaks at about 8 to 15 seconds and then tapers (Figure 1 ). Propranolol, a beta-adrenergic blocking agent, markedly attenuates reflex tachycardia (Marfella et al., 1994a) . At standing from squatting the total vascular resistance decreases sharply at 5 to 10 seconds, which explains the abrupt fall in BP, followed by a rapid rebound and overshoot. Over the first 30 seconds there is a steady parallel decline of thoracic blood volume, stroke volume and CO (after an initial surge). 
Clinical applications 1) Cyanotic patients with cardiac malformations
William Hunter noted in 1784 that cyanotic patients obtained relief from faintness by assuming the posture that we now call "squatting" (Hunter, 1784) . The tetralogy of Fallot is the most common form of cyanotic congenital heart diseases (Apitz et al., 2009 ). Children with the tetralogy of Fallot soon discovered the symptomatic relief obtained by squatting after exercise (Lurie, 1953) . Several explanations have been proposed for this observation. The rise in systemic vascular resistance that occurs during squatting was proposed to be responsible for increasing the relative flow into the pulmonary artery (Hamilton et al., 1950) . The kneechest position adopted during squatting after exercise has been shown to be accompanied by a rise in systemic arterial BP and a rise in arterial oxygen saturation, which had fallen to low levels during exercise (Guntheroth et al., 1968) . Because squatting impedes the venous return from the legs, it has been proposed that it minimizes the tendency of the arterial oxygen saturation to fall with exercise (Brotmacher, 1957) . From all available data, it may be concluded that the beneficial effect of squatting in patients with tetralogy of Fallot is mainly due to two mechanisms : on the one hand, the exclusion from the circulation of the highly unsaturated blood from the legs, due to the compression of the femoral veins; on the other hand, the reduction in the degree of right-to-left shunting due to the increase of peripheral vascular resistance, resulting in a favourable increase of the blood flow to the lungs.
A recent study measured the difference in transcutaneous pulse oxygen saturation between the standing position and squatting position in patients with tetralogy of Fallot (Li et al., 2009 ). The mean pulse oxygen saturation was 79% in standing patients and 84% in squatting patients (significant mean difference of 5%). The authors proposed this difference in pulse oxygen saturation to be used as a supplement to echocardiography and cardiac catheter in evaluating tetralogy of Fallot before surgery.
2) Patients with heart transplant
To determine the role of cardiac autonomic innervation in the mediation of cardiovascular responses, haemodynamic patterns were examined in nine normal men and six heart transplant recipients during 2 min of squatting (Hanson et al., 1995) . As compared to normal individuals, heart transplant recipients exhibited similar increases in stroke volume index monitored by thoracic impedance cardiography and mean arterial BP (+ 8.5 versus + 5.0 mmHg), which were sustained throughout squatting. Each group also showed an initial decrease in peripheral resistance followed by a return to baseline values after 20 seconds. HR decreased in normal individuals (-10 beats/min) but was unchanged or minimally increased (+ 2 beats/min) in heart transplant recipients, in agreement with cardiac denervation. Forearm vascular resistance was conspicuously decreased in normal individuals (-47.8 units) but more modestly (-20.9 units) in heart transplant recipients. Thus, the major haemodynamic responses to squatting (increased cardiac output and BP) are similar in normal individuals and heart transplant recipients ( Figure 2 ). As already discussed, these responses are primarily due to augmented venous return and are not altered by cardiac denervation. Both groups also exhibited a transient decline in peripheral vascular resistance which is most likely mediated by arterial baroreflexes activated by the acute rise in arterial BP.
3) Patients with autonomic failure and orthostatic hypotension
Orthostatic hypotension is the most disabling and serious manifestation of adrenergic failure Freeman, 2008; Medow et al., 2008) . Upright posture requires rapid and effective circulatory and neurologic compensations to maintain BP and consciousness. There is a broad, heterogeneous group of disturbances in the autonomic nervous system, each of which is manifested by hypotension, orthostatic intolerance, and syncope. Haemodynamic assessment using head-up tilt with determination of cardiopulmonary volume and systemic vascular resistance differentiated between venous pooling and autonomic insufficiency in these patients (Schutzman et al., 1994) . In patients with chronic orthostatic intolerance (postural tachycardia syndrome), blunted arterial vasoconstriction produces passive redistribution of blood within peripheral venous capacitance beds, while venous compliance is similar to that of control subjects (Stewart, 2002) . This contrasts with patients with neurocardiogenic syncope (see below), who are characterized by normal peripheral vascular physiology (Stewart & Weldon, 2003) .
Drug treatment of orthostatic hypotension needs to be combined with nonpharmacological approaches, such as compression of venous capacitance beds and use of physical counter-manoeuvres (Low & Singer, 2008) . Indeed denervation increases vascular capacity, and venous compression improves orthostatic hypotension by reducing this capacity and increasing peripheral resistance index. A reduction in venous capacity, secondary to some physical counter manoeuvres (e.g., squatting or leg crossing), or the use of compressive garments, can ameliorate orthostatic hypotension. Compression of all compartments is the most efficacious, followed by abdominal compression, whereas leg compression alone was less effective, presumably reflecting the large capacity of the abdomen relative to the legs (Denq et al., 1997) . Another study confirms that in patients with neurogenic orthostatic hypotension, abdominal compression (somewhat mimicking that occurring during squatting) increases standing BP to a varying degree by increasing stroke volume (Smit et al., 2004) . 8 mmHg) , andCO (+ 18 %), and total peripheral resistance (+ 37 %), without significant change in HR. Squatting has the greatest effect on orthostatic BP in such patients and was the only countermanoeuvre capable of significantly increasing total peripheral resistance (Figure 3 ).
4) Patients with vasovagal syncope
Neurocardiogenic syncope is a rather complex phenomenon, which implicates several reflex mechanisms, especially the Bezold-Jarisch reflex (Somers & Abboud, 1996) . There is If squatting is a potent physical manoeuvre to prevent syncope, a major drawback is that standing up from squatting is a large haemodynamic stressor, which often causes new presyncopal symptoms. Nevertheless lower body skeletal muscle tensing attenuates the decrease of mean arterial BP upon standing from squatting when used as a manoeuvre to prevent vasovagal syncope. This hypothesis has been confirmed experimentally ( 
5) Diabetic patients with cardiovascular autonomic neuropathy (CAN)
CAN is a common complication in diabetes mellitus and is considered as an independent risk factor of cardiovascular mortality (Maser et al., 2003) .
The HR responses observed after both squatting (bradycardia abolished by atropine) and standing (tachycardia attenuated by propranolol) are of reflex nature and may be useful to assess the functional integrity of, respectively, parasympathetic and sympathetic nerves in diabetes (Marfella et al., 1994b) . SqTv index (Squatting Test vagal index, reflecting squatting-induced bradycardia) and SqTs index (Squatting Test sympathetic index, reflecting standing-induced reflex tachycardia) were calculated in a large cohort of healthy subjects and diabetic patients. Normal ranges for healthy subjects between 20-74 years showed a statistically significant negative correlation with age. Age and duration of diabetes had a negative influence on both SqT ratios. In the same study SqT ratios were compared with other reflex tests currently used for diagnosis of CAN : deep breathing, lying-to-standing, Valsalva manoeuvre, and BP change after standing (orthostatic hypotension). The conclusion was that SqT ratios can discriminate between healthy subjects and diabetic patients to an equal or greater extent than the other tests but are better than other single tests in identifying mild autonomic involvement.
By comparing changes in HR and finger arterial BP during three postural tests (lying-tostanding, sitting-to-standing, and squatting test), a significantly greater BP drop occurred in type 2 diabetic patients with CAN (defined by the presence of a pathological deep-breathing value) compared with patients without CAN or normal subjects during the squatting test, but not during the two other postural tests (Marfella et al., 1994a) . The conclusion was that the intrinsic orthostatic load of the squatting test, which is greater than conventional postural manoeuvres (Scheen et al., 1990) , makes the squatting test an easy and useful test to detect early orthostatic dysregulation in diabetes.
In a recent Japanese study, the differences between basal HR and HR during squatting, on the one hand, and between HR during standing and HR during squatting, on the other hand) correlated well with baroreflex sensitivity measured using the phenylephrine method in diabetic patients (r = 0.66, P < 0.0001 and r = 0.61, P < 0.0001, respectively) (Nakagawa et al., 2008) . According to the authors, these squatting test indices provide useful information for assessing CAN and for identifying diabetic patients at high risk of cardiovascular events.
In a cross-sectional controlled study, we evaluated 159 patients with type 1 diabetes 
CONCLUSION
Historically, squatting is known in the field of cardiology since many centuries when it was shown that this posture is able to alleviate symptoms of young patients with tetralogy of Fallot. Although the squatting test is less popular than the head-up tilt test, an extensive survey of the literature reveals many recent reports devoted to this posture test that represents the most powerful orthostatic stress compared to other manoeuvres. Squatting may be used as an active postural test capable to detect baroreflex haemodynamic dysregulation by measuring continuously BP and HR during the transition from standing to squatting (Table 1) and from squatting to standing (Table 2 ). This postural manoeuvre has been used to investigate baroreflex adaptation among patients with heart transplant (a model of heart denervation), CO : cardiac output. HR : heart rate. 
